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POCUMENTNAME] Specification 
[TITOEOFTEffilNVEbmONI • 

Method for Cleaning Wafers 
[SCOPE OF CLAIM FOR PATENl] 

[Claim 1] A method for cleaning a wafer having a step of clearing a wafer containing an inter- 
layered insulating layer having a surface to be subjected to a chemical mechanical polishing by using 
polishing slurry containing oxidizbg agent after formation of a copper layer, characterized in that said 
step includes a first stage where removal of particles is carried out in alkaline or hydrogen reduction 
atmosphere produced by using one of aqueous anunonia containing ammonia at 0.0001 - 0.5 weight 
percent, catholyte produced around a cathode through electrolysis of pure water or water solution 
containing ammonia equal to or less than 0.5 wei^ percent and liquid produced by dissolving 
hydrogen in the pure water or the wafer solution containing ammonia equal to or less lhan 0.5 weight 
percent and a second stage where clearing is carried out in acidic ambience produced by using water 
solution containing polycaibojq^lic acid capable of producing chelate compound together with copper, 
ammonium salt and polyaminocaiboxylic acid at 0.01 - 7 weight percent in the order described 
hereinbefore. 

[Qaim 2] The method for cleaning a wafer as set forth in claim 1 , in which said polycarboxylic 
acid used in said second stage is one of oxahc add, citric acid, malic acid, malein acid, succinic acid, 
tartahc acid and malonic acid, and said ammonium salt is salt of these acids. 

[Claim 3] The method for cleaning a wafer as set forth in claim- 1 or 2, in vAiich said 
polycarboxylic acid is oxalic acid 

[Claim 4] A method fer cleaning a wafer having a step of clearing a wafer containing an inter- 
layered insulating layer having a surfece to be subjected to a chemical mechanical polishing by using 
polishing slurry containing oxidizing agent after fomialion of a tungsten layer, characterized in that 
said step includes a first stage where removal of particles is catried out in alkaline or hydrogen 
reduction atmosphere produced by using one of aqueous ammonia containing ammonia at 0.0001 - 5 
weight percent, catholyte produced around a cathode through electrolysis of pure water or water 
solution containing ammonia equal to or less than 5 weight percent and liquid produced by dissolving 
hydrogen in the pure water or the wafer solution containing ammonia equal to or less than 5 weight 
percent and a second stage where clearing is carried out in acidic ambience produced by using water 
solution containing at least one of oxalic acid, ammonium oxalate and polyaminocaiboxylic acid at 
0,01 to 7 weight percent in the ordea* described hereinbefore. 

[Osam 5] The method for cleaning a wafer as set forth in one of claims 1 to 4, in v^ch said the 
washer used in said first stage is the electrolyte or the hydrogen- containing Uquid, and the 
oxLdation-reduction potential ranges fi-om -1000 miUi-volts to - 300 milli-volts by using 
a silver diloride pole as a reference electrode. 
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[Claim 6] The method for cleaning a wafer as set fartiiin any one of claims 1 to 5, in 
which said inter- layered insulating layer used for said wafer is toed from a silicon 

oxidelayer. r i • i + c 

[Claim 71 The metiiod for cleaning a wafer as set forth in any one of damis 1 to &, 
in which said inter- layered insulating layer used for said wafer is formed from a low- 
dielectric constant layer, and said electrolyte or said hydrogen- containing hqmd as 

produced an the basis of pure water. 

[QaimS] Themethodfordeaningawaferassetforthinanyoneofdaimslto?, 

in wMdi another surface is cleaned by using hydrofluoric add and hydrogen peroxide 
in addition to the deaning in the addic ambience on said surface where liie wmng 
structure is formed. 

pETAIl^D DESCMFTION OF THE INVENTION] 
[0001] 

[TECHNICAL HELD OF THE INVENTION] 

Thepresentinventionrelatesto amethodfor adeaning using wafer solutionm a 

surfece deaning system and, more particularly, to a method for a deaning using water 
solution in a surface deaning system used in a fabrication sequeiK^e far a 
semiconductor device. 
[0002] 

pPEIORAET] . . . 

In order to accelerate the fundion in logic devices, a low resistive anti-EM Cu wirmg 
layer is indispensable. The Cu wiring layers have a groove wiring structure through a 
chemical medianical poHshing, i.e., CMP, because a dry eidiing on the Cu ^g 
layers is difficult This tedmique is hereinlater referred to as "Cu-CMP'. " After the 
dealing, it is necessary to eliminate remaining polishing partides and Cu contammant 
(together with other metallic contaminant such as Fe, Ca and K) from the surface 
without degradation of copper wiring layers due to unnecessary etdimg. This is 
because of the fact that the Cu partides left on the surface undesirably mfluence the 
circuit behavior throu^ internal difRision in the presence of the eledric field stress 
and thermal stress. (Figure 1) Moreover, it is important to prevent the manufad;unng 
system from cross- contamination, and it will become a key tedmdogy for 
manufacturing a device where DEM is mixed with logic drcuits. 

[0003] , , , . 

There is not fouiid any deaning tedmique after Cu- CMP. and, for tiais reason, a 
post W-CMP deaning. in whidi a tungsten layer is the object, will be desmbed as an 
example of the post metal CMP in comparisaa with the Cu-CMP. In the W (Cu)- 
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CMP, solution, in which alumina particles or silica particles are mixed in mixture of 
hydrogen peroxide and oxidizing agent, is popular as polishing slurry, and the alumina 
particles or the sihca particles left on the surface of the wafer after the CMP are equal 
to or greater than 30000 / wafer, and Cu contamination is equal to or greater than 10^ 
atoms/ cm^. 
[0004] 

Cu is usually growtii throv^ a plating or CVD, and a Cu layer is possibly adhered 
to the lower sixrface of the wafer. For this reason, not only the metal contamination but 
also the Cu layer on the lower surface are to be eliminated after the Cu-CMP, 

[0005] 

Conventionally, although DHF (diluted hydrofluoric acid) is used in the metal 
elimination through a CMP on an oxide layer, it is known that Ti is selectively etched 
at high speed in the use of DHF as shown in table 1. In a wafer to be targeted in the 
development of the present invention, Ti is used as a barrier layer, and is further used 
in the form of Ti or TiN in a W plug and W wiring layer, and is used in a Cu wiring 
layer together with Ta For this reason, it is difiBicult to use DHF as deaner after the 
W-CMP in a method according to the present invention. In the post W-CMP deaniog, 
brushing is carried out in aqueous ammonia (0. 1 - 2 weight percent) in order to remove 
the particles in the first stage, and a spin deaning is carried out in dtric add in order to 
eliminate the contamination in the second stage as reported by 1. J. Mahk et al, MBS. 
Symp. Proc. VoL 386, pl09 (1995). 

[0006] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, the foUowiog problems are inherent in the prior art technology described 
hereinbefore. 
[0007] 

Althoi:gh remaining partides are to be removed throi:^ the brushing in the 
aqueous ammonia (0. 1 to 2 weight percent), the Cu portion of the wiring exposed to the 
surface are etched, and a lot of pits takes place in the Cu layer. This is because of the 
fact that the Cu is dissolved by producing ammonia complex through reaction between 
the aqueous ammonia and Cu; espedaUy, the Cu layer is polycrystal, and, accordingly, 
the etching speed at the grain boundaries is large; this results in the pits. 

[0008] 

Thus, A cleaning technology, in which the Cu contaminant and the Cu layer on the 
lower surface are removed without etching the Cu- wiring layer exposed to the surface 
of the substrate after the CMP, is to be required. 
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In the method, ia which citric acid is used in &e deaning after the W-CMP. W and a 
barrier layer (of Ti or TiN) are not etched as shown in table 1. However, it is necessary 
to use it at a feirly Hgh concentration in order to eliininate the metal contaimnant 
such as Fe (see figure 10). This results in a large amount of deaning cost due to the 
diemicals. and the diemical concentration becomes high in the waste liquid. Especially, 
increase of TOG (the amount of total carbon) in the waste hquid is proUem due to the 
organic diemicals. 

[0010] 

[MEANS TO SOLVE THE PROBLEMS] 

The present inventors contemplated the problems, and found that the Cu portion of 
the wiring exposed to the surface were prevented from the etdnng and the pits m the 
Cu layer by using catholyte obtained from pure water or restricting the concentration 
of diluted aqueous ammonia through researdi and devebpment effort have been made 
in the first stage of cleaning with brushing and that the residual partLdes were 
effectively Eliminated therefrom Moreover, there were found that Cucontammant was 

effectively removed without etching the Cu portion of the wiring layer by usmg oxahc 
add in the deaning and that the residual metaUic concentration due to K, Ca, Fe and 
so forth was reduced, and the present invention was completed. 

[0011] , , . 

The first invention is a method for cleaning a wafer having a step of cleanng a wafer 

containing an inter- layered msulatmg layer having a surface to be subj^ 
poUshing by using polishing slurry containing oxidizing agent afler fonnalion of a copper layer, and 
characterized in that the step includes a first stage where removal of particles is canied out m aJkatoe 
or hydrogpn reduction atmosphere produced by using one of aqueous ammonia contammg annnoma 
at 0 0001 - 0 5 wei^ percent, catholyte produced around a cathode through dectrolysis of pure 
water or water solution containing anmionia equal to or less lhan 0.5 weight percent and Uqmd 
producedby dissolving hydrogen in ihe pure water or the wufer solution containing ammoma equal 
to or less than 0.5 weight percent and a second stage where cleanng is carried out in aadxc ambience 
produced by using water solution containing polycatboxyUc acid capable of producing chetoe 
compound together with copper, ammonium salt and polyaminocaibo^Uc acid at 0.01 - 7 weight 
percent in the order described hereinbefore. 
[0012] 

Thesecondinventionisamethodforcleadngawaferhavingastepofdearingawafercontam^^ 
inter- layered insulating layer having a surface to be sul^ected to a diemical mechamcal pohshmg by 
using polishing slurry containing oxidizing agent after fonnation of a tungsten layer, and 
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characterized in that the step includes a first stage where removal of particles is carried out in alkaline 
or hydrogen reduction atnpsphere produced by using one of aqueous ammonia containing ammonia 
at 0.0001 - 5 weight percent, catholyte produced around a cathode through electrolysis of pure waler 
or water solution containing ammonia equal to or less than 5 weight percent and Uquid produced by 
dissolving hydrogen in fee pure water or the wafer solution containing ammonia equal to or less than 
5 weight percent and a second stage where clearing is carried out in acidic ambience produced by 
using water solution containing at least one of oxalic acid, ammbnium oxalate and 
polyaminocarboxylic acid at 0.01 to 7 weight percent in the order described bereinbefoie. 
[0013] 

In any one of the inventions, it is desirable that the oxidizing agent is water solution containing 
hydrogen peroxide, iron nitrate or both of them. 
[0014] 

Ini any one of tihe inventions, vviien tiie washer at the first stage is the electrolyte or the hydrogen- 
containing water, the oxidation- reduction potential preferably ranges from -1000 milli- 
volts to - 300 nadUi- volts by using a silver chloride pole as a refisrence electrode and, 
more preferably, ranges -800 milli- volts to -600 milh- volts. 

[0015] 

In any one of the inventions, the inter- layered insulating layer on the wafer may be fonned from 
a low- dielectric constant layer as well as a silicon oxide layer. In this instance, it is desirable to use 
the electrolyte produced from the pure water or the hydrogen- containing Uquid as the washer, 

[0016] 

The third invention is based on the cleaning method according to the two inventions, and is a 
method for cleaning a wafer characterized by cleaning another sur&ce by using hydrofluoric add 
and hydrogen peroxide in addition to the cleaning in tihe acidic ambience on the surface 
where the wiring structure is formed. 

[0017] 

In this instance, it is preferable that the concentration of the hydrofluoric arid ranges between 0.5 
to 5 weight percent and, more preferably, between 1 to 2 weight percent. Moreover, the 
concentration of the hydrogen peroxide ranges jSram 0.5 to 5 weight percent and, more preferably, 
from 1 to 2 weight percent 

[0018] 

In the first to third inventions, it is preferable that the time period consumed in the 
first stage ranges fix)m 20 seconds to 60 seconds. On the other hand, it is preferable 
that the time period consumed in the second stage ranges fi-om 15 seconds to 60 
seconds. 
[0019] 
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In short, a deaning technology according to the present invention permits a low- 
resistive anti- EM Cu wiring layer, a W plug and a W wiring layer to be exposed to the 
surface of a wafer, and is carried out after a CMP, wherein diluted catholyte or diluted 
aqueous ammonia and oxalic add are successively used so as to prevent the wiring 
portions and, especially, the Cu portions of the wiring layeris &om the etching and non- 
wiring portions from contamination due to Cu and so fourth, whereby logic devices are 
surely accelerated 
[0020] 

[EMBODIMENTS] 

First, a wafer, which is the object of a cleaning i.e., contamination due to particles is 
eliminated from the wafer formed with Cu layers grown through a plating or a CVD 
after a CMP (chemical mechanical poHshing), is shown in figure 1. 

[0021] 

The wafer is formed with an inter- layered insulating layer 3 on a substrate 4, 
barrier layers 2 covering the surfaces of grooves formed therein and Cu wiring layers 1 
held in contact with the outer sisdEiaces of the barrier layers. 

[0022] 

The inter- layered insulatiag layer 3 is formed from a Si oxide layer conventionally 
used, and materials, which are low in dielectric constant for reducing the static 
capacitance C coupled to the inter- layered insulating layer 3 in order to accelerate the 
device, are available. They are lower in dielectric constant (k= from 1.8, k= 3.5 at the 
maximum) than Si oxide (K = 3.9 to 4.2). Examples are organic oompoimd such as 
benaocydobutene (BCB), parylene-N and CYTOP, inorganic compoxmd such as xerogel 
and HSQ (Hydrogen Silisesquiioxane) and organic/ inorganic comix)site material such 
as HMO (Hydrogen peroxide (H^O^/ Methylsilane-based CVD oxide. Especially, HSQ 
(k = 2.8 to 3.2) is stable, and, accordingly, is appropriate. 

[0023] 

Ta and TlN are preferable for the barrier layer 2, and are deposited by using PVD or 
CVD. After the formation of the layer 2, Cu is buried In this stage, CVD, PVD or a 
plating is available. After Cu is bioried, excessive Cu layer and barrier layer 2 are 
chemically mechanically poHshed, i.e., CMP is carried out by using poHshing slurry 
containing grinding particles 7a and oxidizing agent xmtil the inter- layered insulating 
layer 3 is exposed Then, tiie Cu layers are isolated from one another by the inter- 
layered insulating layer, and the Cu wiring layers 1 are completed 

[0024] 

In Cu-CMP, solution, which contains alumina partides in solution containing the 
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oxidizing agent such as, for example, hydrogen peroxide or iron nitride, usuaUy serves 
as the polishing slurry, and the alumina particles 7a and 7b (at least 300000 / wafer) 
are left on the surface of the wafer after the CMP. Moreover, Cu contaminant 6a are 
found in the surface of the wafer at 10"^ atoms/ cm^ or more (in case where K and Fe 
are contained in tiie polishing slurry, Fe/ K contamination also takes place). While 
Cu is growir^ on the lower surface of the wafer, Cu is adhered so that Cu contaminarit 
6b at 10" atoms/ can^ or more or a Cu layer 5 is found. It is required to eliminate the 
particle contaminant and the metal contaminant therefrom through a cleaning 
without damage to the Cu wiring layers. Residual alixmina particles adhered to the 
wafer due to the polishing slurry are removable through a brushing.. However, a 
chemical process is required for elimination of the metal contaminant such as Cu and 
other kinds of metal. In the elimination, it is necessary not to damage the Cu portions 
of the wirir^ layers. Th\xs, dififerent stages are reqiaired for them. 
[0025] 

First, descriptian is made on the first stage of cleaning for eliminating residual 
alumina particles. As described hereinbefore, the alumina particles are removal only 
through the mechanical brushii^! However, it is important for the cleaning 
technology how to prevent it from re-adhesion of the particles. In order to suppress the 
re-adhesion, it is necessary to make the surface potential on the wafer (or brush) and 
the surface potential on the particles identical in sign so as to caxjse them electrically to 
repel each other. In case where alkaline solution is vised as the washer, the negative 
polarity is given to both of the surface potential on the wafer and the surfeoe potential 
on the particles so that they repel each otiier, thereby suppressing the re-adhesion. 

[0026] 

Altho\:^ only aqueous ammonia is the alkaline solution which does not 
contaminate a semiconductor body,. Cu easily produces a complex through reaction 
with a high concentration aqueous ammonia so as to be dissolved a shown in the 
following formula, and a limit is set on the concentration (pH value) of the aqueous 
ammonia available for the cleaning. 

Cu -H/2 O2 + 4NH3 ^ [Cu (NH3 )r + 20H- (1) 
In case where aqueous ammonia is used as it is, it is possible to suppress the etching 
on the Cu portions of the wiring layers by falling the concentration in the range 
between 0.0001 - 0.5 we^t percent so as to reduce the amount of complex produced 
through the reaction with Cu. Even so, it exhibits good cleaning power, and the object 
of the present invention is to be accomplished 

[0027J 

7 

PACE 13/29 • RCVD AT 2/5/2004 2:44:59 PM [Eastefn Standard Thne] • SVR:USPTO.EFXRF-1/26 • DNIS:2731296 « CSID:S167424368 * DURATION (min-ss):10-14 



2- 6-04 ; 2:40PM;SSMP FAX 



; 5 1 67424366 



Nevertheless, in case where better cleamng effect is expected, it is necessary to 
control the surface potential in the washer through another method except for the pH 
control, because the pH control is required for suppressing the dissolution of Cu 
through the production of the complex. One of the methods is usage of catholyte which 
is neutral but is available for controUing the surface potential. 

[0028] 

The catholyte is produced by using a two- vessel electrolysis system, which is 
introduced ia "Electrochemistry Handbook", 4^ edition, page 277, 1985. A system 
improved on the basis thereof is used for an electrolj^c process for piore water. 

[0029] 

Raw water for the catholyte, i.e., pure water or water containing a small amount of 
armnonium ion (equal to or less than 0.5 weight percent) is supplied to the electrolysis 
vessels, and direct current voltage is applied thereinto for the electrolyte. The 
catholyte is obtained on the cathode side, although pH is neutral to weak base, it has a 
strong reducing capabiKty due to the active hydrogen produced aroimd the cathode, 
and is capable of making the surface potential on the wafer and the surface potential 
on the partides negative as similar to the hi^- concentratian aqueous ammonia so as 
to suppress the re-adhesion. 

[0030] 

It was discovered that hydrogen was produced in the catholyte and, accordingly, 
dissolved therein. The present inventors produced a water solution through bubbhng 
hydrogen in pure water or water solution containing a small amount of ammonia ion 
(equal to or less than 0.5 weight percent) which are same as the raw water of the 
catholyte, and confirmed that it exhibited the same cleaning capability as the above- 
described washer such as the catholyte. 

[0031] 

By the way, when any one of them is used, it is preferable to Ml the oxidation- 
reduction potential into the rage between -1000 mV to -300 mV and, more preferably, 
ia the range between -800 mV to -600 mV when a silver chloride pole was used as a 
reference electrode. The ammonia concentration in the catholyte or the hydrogen- 
containiag water preferably ranges from 0.0005 percent to 0.01 percent, and the 
residual hydrogen preferably ranges from 0.1 ppm to 10 ppm. Even though the 
treatment is carried out, the Cu portions of the wiring layers exposed to the surface are 
not etched, and any pit does not take place in the Cu layers (see figure 5); and the 
residual particles are effectively removed (equal to or less than 100/ wafer, see figure 
6). 



PACE 14/29 » RCVD AT 2/5/2004 2:44:59 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/26 • DNIS:2731296 * CSID:5167424366 * DURATION (mm-ss):1D-14 



2- 5-04; 2:40PM;SSMP FAX 



; 5 1 67424366 



# 15/ 29 



[0032] 



By the way, in the stage where the particles are to be removed, diluted aqueous 
ammoDia, which is employed from the viewpoint of suppressing the dissolution of Cu, 
is controlled in sudi a manner that it does not produce the complex together with Cu, 
and, acoordin^y, does not have oapabiHty sufficient to removing the Cu contaminant 
(which is mainly oxide) from the surface after the CMP. For tiiis reason, the Cu 
contaminant is selectively removed in a different way, ie., in the second stage. 



[0033] 



In case where the low-dielectric constant layer, which is not ^ conventional Si. 
oxide layer, is used, there is a fear of reduction in etching dharacteristics in the 
presence of the aqueous ammonia, and, for this reason, it is preferable to use the 
catholyte produced from pure water or the hydrogen- containing water as the washer, 
(table 1) 



[0034] 
(Table 1] 



Table 1 Etching Rate on USQ Layer and Variation of Dielectric Constant 



Washec 


Etching rate (angstroms/ min) 


Dielectric Constant of HSQ 


HSQ 


SiO 


Before 


After 


NH40H(pH:9) 


40 


2 


2.9 


4.2 


Catholyte from 
Pure water 


.<! 


<1 


2.9 


2.9 


Quaa-catholyte 


<1 


<1 


2.9 


2.9 


Oxalic acid 
at 1 % 


<1 


<1 


2.9 


2.9 



The second stage of the cleaning includes a deaning step using polycarboxylic aad 
capable of producing copper chelate compound (at 0.05 - 7 weight percent, such as, for 
example oxalic add for eliminating metal contaminant from the surface on which a 
wiring structure is formed and an FPM (mixtiire of hydrofluoric add and hydrogen 
peroxide) deaning step carried out when readual copper is left on the surfece opposite 
to the surfece on whidi the wiring strurture is formed. As to Ihe deaning method, 
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although a spin cleaniag is preferable, a mechanical cleaning xxsing a brush is 
available. 
[0035] 

The Cu portions of the wiring layers are not etched in the oxalic adLd cleaning, and tiie 
Cu contaminant is well removed (see figure 7). This is because of the feet that it has 
the capability to produce the chelate compound through the reaction with the Cu 
contaminant (CuGbc) produced in the Cu-CMP. However, the Cu layer is formed 
throu^ the metalhc- bond, and is less etched. Since TiJ>I, Ta, TaN and TaSiN, which 
form the barrier layer^ do not produce any complex with the oxalic acid, they are not 
etched Thus, it is possible to selectively eliminate the residual Cu contaminant from 
the sxirface without etching (or degrade) the Cu wiring layers and the barrier layers. In 
case where the low dielectric constant insulating layer is used as the iater- layered 
insulatii^ layer, it is "understood from table 1 that they are not etched in the cleaning 
as similar to the conventional silicon oxide layer. Experiments shown in figure 8 
teaches that it is effective against not only Cu but also K, Ca, Fe and so fourth so as to 
reduce the residual metal contaminant to 2 x 10^° atoms/ cm^ or less. In case where any 
Cu layer is not left on the lower surface, the water solution of oxalic acid is applicable to 
both sixriaces. Moreover, the chemical in the solution may be at least one of other 
kinds of polycarboxyhc add capable of producing the chelate as similar to the oxaHc 
acid, the ammonium salts thereof (containiag oxalate) and polyaminocarboxylic adds. 
Examples of the polycaboxylic add usable instead of oxahc acid are dtric add, D- 
tartaric add, L-tartaric add, malein add, malonic add, maHc add and ammonium 
salts thereof. Although the activation capability is not so large as the other examples, 
succinic add can produce a dielate compoimd. Good cleaning capability is adiieved 
by prolonging the time. 
[0036] 

As described hereinbefore, it is possible to eliminate the particle contaminant and 
the metallic contaminant such as the Cu contaminant firom the wafer surface without 
any damage to the Cu wiring layers by virtue of the present method. 

[0037] 

There remains a case where Cu layer is left on the lower surface during the growth 
of Cu, No only the metallic contaminant but also the Cu layer are to be eliminated 
therefix)m. Ici this case, the upper surface is treated with the oxaHc add for deaning, 
and the Cu contaminant and the excess Cu layer is removed from the bwer surface by 
using FPM (mixture of hydrofiuorlc add and hydrogen peroxide, HF : H^Og: HgO = 1- 
10 : 1- 10 : 200). FPM is capable of oxidizing and dissolving the Cu layer produced in 
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the metallic bond so as to effectively remove it However, DHF (water solution of 
hydrofluoric add) is not effective, because Cu is not ionized. 
[0038] 

By using FPM (mixture of hydrofluoric add and hydrogen peroxide) as the washer, 
the it is posable to reduce the Cu concentration to 2 x 10*^ atoms/ cm^ or less and other 
metallic contaminant (such as K and Fe) to also 2 x 10^° atoms/ cm^ or less ( as will be 
xmderstood from figure 10 showing the experimental results). Thus, it is possible to 
effectively eliminate the polishing partides and the metallic contaminant such as, for 
example Cu without damaging the Cu layers and the barrier metal (such as TiN, Ta, 
TaN and TaSiN) from the upper surface of the wafer and the excess Cu from the lower 
siirface by virtue of the present deaning method. 

[0039] 

Subsequently, a wafer, from whidi the polishing partides are eliminated after the 
CMP on a surface formed with W layers through CVD or a sputtering as described in 
conj\mction with the prior art, is shown in figure 2. 

[0040] 

The wafer indudes an inter- layered insulating layer 3 covering the surface of a Si 
substrate 4, wirir^ layers 12 (of Al or Cu) formed in grooves previously formed in the 
inter- layered insulating layer 3, barrier layers 11 (of TiN or Ti) and W plugs 10 held in 
contact with the exposed surfaces of the barrier layers. 

[0041] 

It is preferable to form the inter- layered insulating layer 3 of a low dielectric 
constant material such as^ for example, HSQ as well as Si oxide. 

In W-CMP, solution, which is inixture of oxidizing agent containing hydrc^en 
peroxide and Fe nitrate in addition with silica partides^ is vised as poHshing slurry, and 
silica partides 9a and 9b remain on the surfaces of the wafer (at equal to or greater 
than 30000 / wafer) after the CMP. Moreover, Fe contaminant 8a (and K/ Cu 
contaminant 8b if certain polishing slurry is used ) is left on the surfaces of the wafer at 
10^ atomis/ cm^ or more. 

[0042] 

It is necessary to remove the partide contamination and the metal contamination 
without damage to the W plugs and the W wiring layers. Basically, the sequence is 
similar to that of the deaning after the Cu-CMP. 

[[0043] 

In the first stage, the particles are removed through brushing in use of aqueous 
anmionia (0,0001 - 5 wei^t percent), catholyte or hydrogen- containing water 
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(ammonia concentration: 0- 5 weight percent). Since W is less dissolved in relatively- 
high- concentration ammonia, it is not necessary to be carefiiL in the cleaning after W- 
CMP like that for Cu. 
[0044] 

In the second stage, the cleaning is carried out in the water solution of oxaHc add 
(0.01 - 5 weight percent) in order to remove the metal contamination. The diemical 
contained therein - may be the oxalic add, ammonium oxalate or one of the 
polyaminocarboxylic adds. However, the dtric add is not available as described in 
connection with the prior art. A centrifugal spray deaning is desirable for the second 
stage, and, alternatively, a brushing is available for the second cleaning. Moreover, the 
lower surfece may be treated with FPM as similar to the deaning after the Cu-CMP. 

[0045] 

Since polishing slurry containing Fe nitrate is popixlar in the W-CMP, it is necessary 
to e£fecfively eliminate Fe contaminant equal to or greater than 10^^ atoms/ cm^ , The 
Fe on the Si oxide layer is in the form of FeOx, and, accordiagly, is easily removable 
Hirougji produdng the complex hy virtue of the chelate effect of the oxaHc add. Even if 
it is relatively low in concentration, the. sufBident removal effect is adiieved rather 
than dtric add reported in use of the W-CMP. (Figure 11) However, it does not produce 
any complex with the W plugs and the barrier layers of Ti and TiN because of the 
metal bonding, and, accordingly, does not etch them, (table 2) 

[0046] 

[Table 2] 



Table 2 Etching rate (angstrom/ min) 





Cu 


TiN 


Ta 


TaN 


W 


Ti 


Oxalic add (0.1%) 


<1 


<1 


<1 


<1 


<1 


<1 


Citric acid ( 5 %) 


< 1 


< 1 


< 1 


< 1 


< 1 


< 1 


DHF (0.5 %) 


2 


< 1 


< 1 


< 1 


<1 


50 



Thvis, the polishing particles and the metal contaminant such as Fe are effectively 
eliminated from the siariiaces of the wafer without any damage to the W plugs, the W 
wiring layers and the barrier metal (TiN, Ti). 

[0047] 
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Subsequently, descriptLon proceeds to the operation. Figure 3 shows a flowchart 
showing the sequence of the cleaning. 
[0048] 

Wafers are placed in a loader of a cleaning system dipped in water after the Cu- 
CMP in order to prevent them from dryiag. This is beca\Jise of the fact that the 
poBshiag paiiicles are less ehminated from dried wafers. It is preferable to supply 
fresh pure water to the loader at aU times. This is because of the feet that the oxidizing 
agent on the wafers tends to be dissolved into the wafer so as to erode the Cu wiring 
layers. From this viewpoint, wafers may be stored under being sprayed at all times 
instead of the dipping. 

[0049] 

Since Cu is much eroded rather than W, it is preferable to wash the waf^s 
iimnediately after the CMP, and the CMP apparatus and the cleaning apparatus may 
be combined into an in-Kne type system. 

[0050] 

The cbaning is carried out through two stages as diown in figure 4, 

[0051] 

In order to eliminate the alumina particles in the first stage, both surfaces of a wafer 
is treated with brushing for 20 seconds to 60 seconds by using aqueous a mm onia (at 
0.001 weight percent, by way of example). The brushing may be of the rolling brudies 
shown in figure 4; otherwise, it may be disk type. As to the supply of the aqueous 
ammonia, it may be dropped onto the brushes or onto the wafer in the vicinity of the 
brushes. Otherwise, it may be supplied to the inside of the brushes. 

[0052] 

Catholyte m^ be supphed as the washer. The catholyte used therein is, by way of 
example, produced from pure water through electrolysis, and the pH and the 
oxidation- reduction potential (with reference electrode: AgCl) are 7.0 and -650 mV, 
respectively. Otherwise, the catholyte may be produced from aqueous ammonia 
containing a small amount of ammonia so that the pH and the oxidation- reduction 
potential are 8.2 and -770 mV, respectively. Hydrogen may be dissolved into the pure 
water or the aqueous ammonia through bubbhng. 

[0053] 

After the treatment with the aqueous ammonia, the ammonia may be eliminated 
from both surfaces of the wafer through rinse by using pure water for 5 seconds to 20 
seconds. 

[0054] 
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In order to eliminate the metal contaminant from the upper surfece. a spin deaning 
is carried out by using oxaHc add (at 0.5 percent, by way of example) in the second 
stage, and the Cu contaminant and excess Cu layer are removed from the lower 
surfeit by using FPM ( HF: H,0^ H^O = 1: 1: 100. by way of example). The time 
period consumed therein is of the order of 15 seconds to 30 seconds, and the nnsing is 
carried out with pure water for 10 seconds to 30 seconds. 

[0055) . . - ^ u 

The waiting time between the first stage and the second stage is mnmmzed by 

equalizing the time period consumed by the treatment with the chemicals and the time 

period consumed by the rising. 

[0056] / -u- -u • 

It is preferabb^ perfecfly isolate the cleaning chamber for the first stage (which is 
carried out in the alkaline atmosphere) and the deaning chamber far the second stage 
(whidi is carried out in the addic atmosphere). The reason is to suppress the 
productxon of salt. 

[0057] . 
When the deaning and the rinsing are completed, the wafers are subjected to a spm 

drying, and is conveyed to the unloader. 
[0058] 

The deaning method after the Cu-CMP has been described; the basic sequence after 
the W-CMP is similar thereto. W is less eroded and oxidized in comparison with Cu, 
and it is not necessary to carry out the deaning iimnediatdy after the CMP like Cu. 
However, it is preferable to dean the W without leaving it in the water for a long tmie. 

[0059] 
[Examples] 

Although the present invention is hereinbelow described in detail by showing 
examples, the present invention is never hmited to the examples. The conventional Si 
oxide layer was used as the inter- layered insulating layer 3 in all the wafers of 
examples, samples for ejqperimente and comparative examples. 
[0060] 

(Example 1) 

Cleaning after Cu- CMP 

The wafers were dipped into water after the Cu-CMCP in order to prevent them from 
drying in the loader of the deaning apparatus, and the deaning was immediately 
carried out by means of the in-line type ^stem. 

[0061] 
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The cleaning was carried out through the two stages as shown in figure 4. 
[0062] 

In order to eliminate the alumina particles in the first stage, both surfeces of the 
wafer was treated with the aqueous aimnonia (at 0.001 weight percent) and brushed 
fbr 20 seconds to 60 seconds. The rolling brushes shown in figure 4 were used in the 

brushing. 
[0063] 

Upon completion of the treatment with the aqueous ammonia, the ammonia was 
eliminated firom both surfaces of the wafer through rinsing in pure water for 5 seconds 
to 20 seconds. 

[0064] 

In the second stage, the metallic containinant was eliminated firom the upper 
surfece throu^ the spin cleaning by using oxalic add (at 0.5 weight percent), and the 
Cu contaminant and the residual Cu layer were removed by using FPM ( HF: H2O2: 
H,0 = 1: 1: 100). The cleaning consumed 15 seconds to 30 seconds, and the rinsing 
was carried out in pure water fbr 10 seconds to 30 seconds. 

[0065] 

The cleaning chamber for the first stage (in the alkahne atmosphere) was perfectb^ 
isolated firom the cleaning chamber for the second stage (in the addic atmosphere) so 
as to prevent them firom salt 

[0066] 

When the deaning and tiie rinsing were completed, the wafer was dried by means of 
a spin dryer, and was, thereafter, conveyed to the unloader. 
[0067] 

(Second Example) 

It was carried out under the same conditions as the fixst example except that the 
catholyte, whidi was produced from the pure water so that the pH and the oxidation- 
reduction potential were 7.0 and -650 mV (by using the reference electrode: AgCl). was 
used in the fiarst stage. 

[0068] 

(Third example) 

It was carried out under the same conditions as the first example except that the 
concentaration of oxalic add was changed to 0. 1 weight percent in the second stage. 
[0069] " 

(Fourth example) 

It was carried out under the same conditions as the first example except that dtric 

15 

PAGE 21/29 • RCVD AT 2/M2004 2:44:59 PM [Eastern Standard Time] • SVR:USPTO^FXRF.1/26 • DNIS:2731296 ' CSID:5187424366 • DURATION (lTmMS):10-14 



5-04; 2:40PM;SSMP FAX ;516T424366 # 22/ 29 



acid at 5 weight percent was used in the second stage. 
[0070] 

(Fifth example) 

In order to evaluate the anti-etching capabihty, extremely low coricentration 
aqueous ammonia (at 0.0002 weight percent) was used in the cleaning in the first stage, 
and, thereafter, the etching rate on the Cu layers and the residual particles were 
determined This evaluation was also carried out by Tising the catholyte \ased in the 
second example. 

[0071] 

Moreover, experiments a little different from the examples were carried out They 
were fallen within the embodiments in a broad sense, and were referred to as 
"samples". 

[0072] 

(Sample 1) - 

Using the catholyte used in the second embodiment and the diluted aqueous 
ammonia (at 0.0002 weight percent) used in the fifth embodiment, dipping was 
continued for 10 minutes, and pits were counted in unit length after the etching. 

[0073] 

(Sample 2) 

The first stage was carried out under the same conditions as the first embodiment, 
dipping was carried out for 2 minutes in the second stage, and the following organic 
acid (concentration: 1 weight percent) was used for the cleaning. 

[0074] 

oxaHc add, citric adds maHc add. malein add. succinic add. tartalic add. malonic 
add 

(Comparative Sample 1) 

It was carried out under the same conditions as the first example, but aqueous 
ammonia at 1.8 weight percent was used The same measurement was carried out as 
similar to the fifth example and sample l: 

[0075] 

(Comparative Sample 2) 

Citric add used in the fourth example was ixsed for the treatment on the lower 
surface of the first example. 
[0076] 

(Result, Part 1) 

Figures 5 to 10 show the results of the first example to the fifth example, the results 
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of samples 1 and 2 and the result of comparative sample 1. Figure 5 shows the 
evaluation of the second example, the fifth example, sample 1 and the comparative 
sample 1 from the viewpoint. of anti-etching capability. As to the second and fiffli 
examples, the etching was suppressed on the Cu wiring layers, because the ammonia 
concentration was restricted. However, the Cu wiring layers of comparative sample 1 
were serioiasly etched due to the high ammonia concentrataon. 
[0077] 

Figure 6 shows the number of residual contamination partides counted on the 
examples and the comparative samples; there was not significant difference among 
them, even though the ammonia concentration was restricted, the number of residual 
particles was reduced. 

[0078] 

Figure 7 shows the, evaluation oa the third example and the fourth example from 
the viewpoint of the final elimination capabiHty to the metalHc contaminant such as K, 
Ca and Cu (oxide). In the third example, it ( i.e.; oxalic add at 0.1 percent) effectively 
eliminated the metallic contaminant therefrom and prevented them, although the 
effect was slightly weak, the fourth example (dtric add at 5 percent) reached the 
practical use. 

[0079] 

Figure 8 shows evaluation results on the first example, second example and 
comparative sample 2 from the viewpoint of the metalHc contamination eliminating 
capabiUty. Ta was used for the barrier layers. There was not significant difference 
between the aqueous ammonia and the catholyte produced from pure water in the first 
stage, and good metalic contamination eliminating capability of oxalic add was 
corroborated in comparison between the cleaning in the second stage and the deaning 
without the second stage. 

[0080] 

Figure 9 shows the result of sample 2 in comparison with that before the cleaning, 
and teaches tiiat the Cu elimination capability was good in any kind of polycarboxyHc 
add Although only the succinic add exhibited the capability lower than the others, it 
was to be considered to cope therewith by prdonging the deaning time and/ or 
increasing the concentration. 

[0081] 

Figure 10 shows the evaluation on the first example and comparative sample 2 ficom 
the viewpoint of the metallic contamination (whidi was mainly Cu layer) eJiminatang 
capability from the lower surfece. Comparing it with that before the deaning on the 
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lower svuface, alliiough the dtric add (vised in comparative sample 2) was effective 
against K and Fe, there was not any effect against the Cu metallic layer. On the other 
hand, the Cu layer was effectively eliminated by vLrtue of FPM in the first e 

[0082] 

(Example 6) 
Cleaning AJferW-CMP 

Wafers were deaned through the two st^es after the W-CMP as similar to that 
after the Cu-CMP. 
[0083] 

In the first stage, aqueous ammonia (at 0.0001 weight percent) was used and 
bmshing was carded out in order to eliminate silica particles. 
[0084] 

In the second stage, spin deanii^ was carried out in oxalic add (at 0,05 wei^t 
percent, 0.1 percent, 0.5 percent, 1 percent and 5 percent in wei^t) in order to 
eliminate the metallic ccaitaminant 

[0085] 

(Comparative Sample 3) 

Citric add (at 0.05 percent, 0.1 percent, 0.5 percent, 1 percent and 5 percent in 
weight) was used in the second stage under the same conditions as the fifth example. 
[0086] 

(Eiesult, Part 2) 

Figure 11 shows the evaluatiDn of the fifth example and comparative sample 3 firom 
the viewpoint of the Fe elimination capabdily firom the siarfece. As to the fiMi example, 
the etdiing in the W wiring layers was suppressed, and Fe contaminant was almost 
eliminated. However, even thou^ fairly high concentration washer was used in 
comparative sample 3, Fe contaminant was left. 

[0087] 

[EFFECTS OF THE INVENTION] 

According to the present invention, the first stage, in which diluted aqueous 
ammonia or catholyte is used, is combined with the second stage, in which oxalic add 
and FPM (water solution of hydrofluoric add and hydrc^en peroxide) are used, in the 
surfece deaning after the Cu-CMP on the wiring layers of a high speed logic device, the 
contaminant due to the metals indluding the Cu and W outside tiie wiring portion is 
effectively eliminated and suppressed without dams^ to the Cu wiring layer, W plug 
and barrier layer. 

[BiOEF DESCEIPTION OF THE DRAWINGS] 
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(Fig. 1] is a schematic view showing the wafer after the Cu-CMP. 

[Fig 2] is a schematic view showing tJie wafer after the W-CMP. 

[Fig. 3] is a flowchart showing the cleaning sequence according to the present 

invention, i_ 4. 

[Fig. 4] is a view showing 1iie concept of the cleaning method according to the present 

invention. 

[Pig. 5] is a graph showing the amount of Cu etehed and the number of pits after the 
brushing on the Cu layer. 

[Fig. 6] is a graph showing the residual partides after the cleaning carried out after the 

Cu-CMP. .t. ^ r 

(Fig. 7] is a graph showing the metallic contaminant concentration on surfece at 

the wafer after the cleaning after the Cu-CMP. 

[Fig. 8] is a graph showing the metallic contamination eliminating capability m the 
oxalic add deaning (brusliins) after the Cu-Cl^ 

[Pig. 9] is a graph showing the Cu contaminant elimination capability of various kinds 
of chelate produdble dicarboxylic add afber the Cu-CMP. 

{Fig. 10] is a graph showing the concentration of metallic contaminant on the lower 
surfece of the wafer after the deaning after the Cu-CMP. 

[Kg. 11] is a graph showing the concentration of the metallic contaminant on the 
surfece of the wafer after the deaning after the W-CMP. 

[ BRIEF DESCRIPTION OF REFERENCES] 
1 Cu wiring layer, 2... barrier layer (Ta. TiN. TaN. TaSiN). 3... int«c-layered oxide 
layer 4 Si substrate, 5... adhered Cu layer, 6a.. Cu contanunant (adhered to Ihe 
uppei: surface of wafer). 7a... polishing partides (adheredto the upper surfece of wafer). 
6b Cucontaminant(adheredtothelowersurfaceofwafer).7b...polishingpartLdes 
(adhered to the lower surface of wafer), 8a... Fe contaminant (adhered to the upper 
surfec8afwafer).9a... pdishing partides (adhered to tiie upper surface of wafer), 8b... 
Cu contaminant (adhered to the lower surface of wafer). 9b ... poHshing particles 
(adhered to the lower surface of wafer), 10... Wplug, 11 ... hairier layer CTi. TiN), 12... 
wiring layers (Al, Cu). 13 ... wafer. 14a ... brush (for upper surfece of wafer). 14b .. 
brush (for lower surface of wafer). 
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POCUMENTNAME] ABSTRACT 
[ABSTRACT] 

[PROBLEMI To provide a method for effectively elimiriating metallic contaminant 
including Cu layer from a wafer after CMP necessary for Cu wiring layers and W plugs 
provided in ULSI for a higji- speed logic operation without damage to the wiring layers 
and the plugs. 

[SOLVING MEANS] Keeping the surfeices moisture, a cleaning is carried out in 
aqueous ammonia, catholyte or hydrogen containing water with brushing without a 
long time interval from the CMP in the first stage in alkaline atmosphere, and, 
thereafter, a spin cleaning or brushing is carried out in washer containing at least one 
of chelate producible polycarboxyHc acid such as oxalic add, ammonium salt thereof 
and polyaminocarboxylic add in the second stage in addic atmosphere; if necessary, 
the lower sxarface is treated with washer containing hydrofluoric add and hydrogen 
peroxide in the second stage for elirninating a residual Cu layer and metallic 
contaminant. 

[SELECTED FIGUEE] fiigureS 
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[DOCUMENT NAME] DRAWINGS 

[Fig. 1] 1.. Cu wiring, 2... barrier layer (Ta, TiN), 3... inter- layered insulating 

layer, 4 . . . Si substrate, 

(Upper surface) 6a... Cu contaminant, 7a ... poJishiag particles, 

(Lower surface) 5... adhered Cu layer, 6b... Cu contaminant, 7b... polishing 

particles 

[fig. 2] 3... iater- layered insulating layer, 4.,. Si substrate, 10... W plug, 11... 
barrier layer {TiN, Ti), 12 . . . wiring layer (Ai, Cu) 

(Upper surface) 8a. . . Fe contaminant, 9a.. polishing particle 
(Lower siorface) 8b. . . Cu contaminant, 9b. . . polislung particles 

(Fig. 3] furst block... [Cu-CMP (W-CMP)], second block... [dipped in water 
together with loader], third block... [ first stage for eliminating particle eliminatiori: 
cleaning using brush (catholyte, diluted aqueous ammoniaj hydrogen contai ni ng 
water), fourth block,. , [rinse in pure water], fifth block. . . [second stage for eliminating 
metallic contamination' spin cleaning (upper siaifece... oxalic add; lower surface... 
FPM or oxalic acidO, sixth block.... [rinse in pure water], seventh block ... [drying] 

[Fig. 4] 



lefb block . . . [first stage] 
arrows. . . cathols^ or 

aqueous ammonia 



right block. . . [second stage] 

upper arrow... water solution of 

oxalic acid 
lower arrow., , FPM 



[Fig. 5] 



Etching rate of Cu layer (ai ^troms/ min.) The nimaber of pits per unit length of Cu 



Etching 



The number of pits 



Comparative Example 5 Example 2 

Sample (aqueous ammonia 0.0002%) (catholyte firom 
(aqueous ammonia 1.8 %) pure water) 



(*) : sample 1 
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[Fig. 6] 

Equal to or greater than 30000/ wafer before deaning 
The number of residual 1 

Particles after deairing | Cleamng through brushing (60 sec) 

(/wafer) I onP-TEOS 



[Pig. 7] 



. (Domparative Example 5 Example 2 

Sample (aqueous ammonia) (aqueous ammonia) 

(aqueous ammonia) 0.0002 % catholyte produced 

1.8% firom pure water 



The amoimt of I 
residual meal I 
on surface I 
I 



I 



Before deaning 



AEber cleaning in After deaning in 
Citric acid (5%) Oxalic add (0. 1%) 
(example 4) (example 3) 



[Eig.8] 

The amount of 1 aqueous ammonia P-TEOS siirface after 

meal contaminant I (before treatment with oxalic add) Cu/Ta-CMP 

on wafer surface I aqueous ammonia-^ oxalic add (example 1) 

(atoms/ cm^ I catholyte oxalic add (example 2) 

I 
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[Fig. 9] 

Residual I 
Cu concentration 1 
on svLcf ace 1 
(atoms / cm^ I 



dipping for 2 min. 



Before oxalic dteic malic malein sucdnic tartalic malonic 
cleaning add acid acid add add add add 
Concentration of these kinds of organic add: 1 % 
(Sample 2) 



[Fig. 10] 

Concentration | 
of metallic I 
contaminant I 
on wafer surface I 



Lower sxirface of wafer 



Before Comparative sample Example 1 

deaning (dtric add: 5%) (FPM) 



[Fig. Ill 

Concentration of 
Fe contaminant 
on wafer surface 



Upper surfece of wafer (W-CMP) 
Comparative sample 4 (dtric add) 



I example 6 (oxalic add) 



Concentration of washer (%; 



Regards 
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